Abstract: Drug discovery process develops faster due to more advances in computational techniques. The protein ligand interaction well predicted due to the in-silico approach study. The present investigation focused towards the development of lead structure for treatment of hepatic disorders. An increase in serum acid hydrolase, includingglucuronidase has been reported in numbers of pathological conditions such as arthritis, renal diseases and epilepsies. Enhancement of this enzyme -glucuronidase in blood has been found to correlate significantly with liver damage. -glucuronidase inhibitor is a novel approach which is different from the available hepatoprotective drug therapies.
INTRODUCTION
Advances in computational techniques have enabled virtual screening to have a positive impact on the drug discovery process. The majority of biological processes are well-known through protein ligand interactions [1] . The three dimensional structure of the protein-ligand composite could be serve as a considerable source understanding the way of proteins interact with another and perform biological functions. Virtual Screening based studies on molecular level have become an integral part of many modern structure-based discovery efforts [2] . An advantage of this technique is that based on the predicted binding affinity data. Therefore activities can be quantified in a biochemical assay thereby reducing the time and expenditure in identifying new leads [3] .
Flavonols in particular to Quercetin and Naringenin are continuously discussed on an account of their diverse biological properties. These flavonols and its derivatives are present in fruits, vegetables and leaves and are reported to have effective with several *Address correspondence to this author at the School of Pharmaceutical Sciences, Siksha 'O'Anusandhan University, At-Kalinga Nagar, Land markNear SUM Hospital, Bhubaneswar, Odisha, Pin-751003, India; Tel: 09437180498, 06746510751; E-mail: sovan.sps@gmail.com bioactivities including the anti-viral, anti-bacterial, anticarcinogenic and anti-inflammatory effects, rheumatism, nephrotoxicity, arthritis, urinary disorders, analgesic and the free radical scavenging activity [4] [5] . The antioxidant and hepatoprotective activities of class of flavonoids cited in the literature make these compounds attractive for scientific enquiry, for further backbone derivatization and screening as novel therapeutic agents [6] [7] .
Lysosomes play an important role in cell death and tissue damage. They release hydrolytic enzymes that cause auto-digestion of cellular contents. Lysosomal membrane plays a vital role in maintaining the integrity of the cell. -Glucuronidase present in animals and has been shown to be a typical lysosomal enzyme catalyzes the hydrolysis of -glucuronidase conjugates of exogenous and endogenous compounds produced in the body [8] . The increase level of -glucuronidase enzyme in blood has been found in variety of pathological conditions [9] . Furthermore, enhanced activity of this enzyme -glucuronidase in blood has been found to correlate significantly with liver damage [10] [11] . This enzyme also increased in liver cancer [12] . These findings depict that design and development of specific inhibitors of -glucuronidase has great pharmacological importance.
In considering to the above facts an attempt has been made to predict the binding mode analysis of the atoms of the compounds [Naringenin, Quercetin and isolated fraction of F3 i.e. 2-(3, 4-Dihydroxy Phenyl)-7-Hydroxy-3-(2-Hydroxy Ethoxy) 4-H-Chromen-4one] reported previously [13] and involved amino acid in the protein responsible for enhancement disease related activity [14] .
METHODS

Preparation of Protein
The enzyme -glucuronidase was obtained from the RCSB Protein Data Bank with PDB ID 1BHG [14] [15] . All water molecules were removed and Polar Hydrogen atoms were added to the enzyme structure. The 3D cartoon structure of the protein 1BHG is shown in the Figure 1 .
Preparation of Ligands
The analogues of three compounds were identified from Pubchem compound database. The search parameters were set at 95% similarity subjected to Lipinski rule of five resulting with these compounds [16] [17] . The ligands were generated and three dimensional optimizations were done and then saved in mol file. The small-molecule topology generator Dundee PRODRG2 server is used for ligand optimization, a tool for high-throughput crystallography of protein-ligand complexes which takes input from existing coordinates or various two-dimensional formats and automatically generates coordinates and molecular topologies suitable for X-ray refinement of protein-ligand complexes. Molecular properties were calculated using Mol soft online server (http://molsoft.com/mprop/).
Docking Software
Molecular Graphics Laboratory (MGL tools-1.5.4) was used for docking preparation and Auto dock Vina was used for binding energy calculations. Auto dock performs the docking of ligand to a set of grids (pre calculated by auto grid) describing the target protein.
The energy grid was performed based on Lamarckian genetic algorithm [18] . Virtual analysis of docking site was analyzed by PyRx and PyMol (version 1.4.0 and build 8.14.10.2230).
Analysis and Visualization of Interactions in Docked Complexes
The binding interactions in the docked complexes obtained by Auto dock vina were analyzed by PyMol software (Open Bable). The binding sites was set inside a restriction sphere of radius 78, 50, 84 Aº (X, Y, Z respectively) using vina wizard for docking analysis and were designed such that the entire ligand binding region was included within the GRID. Docking analysis of 1BHG with the QDs & NDs was carried out using Auto dock Vina. Throughout the docking study the macromolecule was kept as rigid and ligand molecules were flexible [19] . The best pose of each compound was selected for the subsequent ligand protein interaction energy analysis.
In-Vitro Analysis for Estimation of Inhibitory Potency of -Glucuronidase Activity
In this assay three compounds Quercetin, Naringenin and 2-(3, 4-Dihydroxy Phenyl)-7-Hydroxy-3-(2-Hydroxy Ethoxy) 4-H-Chromen-4one was selected to determine the inhibition potency of -glucuronidase enzyme, by measuring the absorbance at 405 nm. The total reaction mixture 2.5ml consisted of 1.85ml of 0.4mM Phenolphthalein-mono--glucuronic acid, tested compounds (50, 100, 150, 200, 250 μg/ml) of 0.05ml in methanol and 0.1ml of enzyme solution (2.0 Fishman unit/ml Escherichia coli f3-glucuronidase) for 60 min at 37˚C and pH 6.8 [20] . Then the reaction was terminated by addition 0.5 ml of 1M sodium hydroxide at pH 11. A development of pink color was measured at 400 nm by UV spectrophotometer. 0.5 ml methanol only was taken control for this -glucuronidase enzyme estimation.
(%) of -glucuronidase enzyme scavenging activity = [(Abs control -Abs test ) / (Abs control )] 100
Where Abs control is the absorbance of -glucuronidase enzyme+methanol; Abs sample is the absorbance of -glucuronidase enzyme +test sample.
Absorbance of the control solution (after 30 minutes) = 0.16
RESULTS
The ligand considered as a drug when that satisfy Lipinski's Rule of Five for docking analysis which was depicted in Table 1 . Three numbers of flavonols showed their Hydrogen bond donor (HBD), Hydrogen bond acceptor (HBA) as well as Log P value which were help to predict the character drug likingness of those selected ligand derivatives. Further, Table 2 showed the binding affinity of those selected ligand with the isolated protein (1BHG) involved in related disease. The characteristic of interaction involved numbers of hydrogen atoms, binding affinity expressed in Kcal/mol and amino acid residue involved. The result of the study find the compound ID 9818879 i.e. (2-(3, 4-Dihydroxy Phenyl)-7-Hydroxy-3-(2-Hydroxy Ethoxy) 4-H-Chromen-4one.) with HBD = 4 and HBA = 7 along with 8 numbers of hydrogen bonds, -8.3 Kcal/mol of binding affinity. The predicted binding interaction was showed in Figure 3c which reflected green dash lines towards various involved amino acids in the interactions as follows GLU451, GLU520, TYR508, ARG600, PHE206, ASN450. Whereas Figure 3b showed only one amino acids in the interactions ASN81 of protein 1BHG with Quercetin and Figure 3a showed no interaction of Naringenin with amino acids of the protein 1BHG.
The screening of the three flavonols derivatives (Naringenin, Quercetin and 2-(3, 4-Dihydroxy Phenyl)-7-Hydroxy-3-(2-Hydroxy Ethoxy) 4-H-Chromen-4one) compounds, were subjected for estimation of inhibitory potency of -glucuronidase activity showed that the compound 2-(3, 4-Dihydroxy Phenyl)-7-Hydroxy-3-(2-Hydroxy Ethoxy) 4-H-Chromen-4one exhibited excellent activity with an IC 50 value 7.98 μg/ ml which was 14 times more potent than the compound Quercetin (IC 50 = 116.54 μg/ ml). Similarly, Naringenin exhibited poor activity with an IC 50 value 312.11 μg/ ml which was 2 times less potent than the compound Quercetin and 40 times less potent than the compound 2-(3, 4-Dihydroxy Phenyl)-7-Hydroxy-3-(2-Hydroxy Ethoxy) 4-H-Chromen-4one.
DISCUSSION
In silico approach provides an additional validation for the experimental findings by investigation through binding mode of flavonols derivatives. The previously finding report suggest the modelled substrate-bound structure of human -D-glucuronidase showed that the glycoside bond of p-nitrophenyl -glucuronide was linked towards the residue Glu451 (acid/base catalyst) and Glu540 (nucleophilic residue) [21] . This is further conformed that this two residue might be considered as the active site for -D-glucuronidase. The result outcome of the binding orientation of 2-(3, 4-Dihydroxy Phenyl)-7-Hydroxy-3-(2-Hydroxy Ethoxy) 4-HChromen-4one linked with the active amino acid residue of the protein (Glu540 and Glu541) and the binding affinity ( -8.3 ) with existence of 8 numbers of hydrogen bonds which leads to find out the mechanism for its potential in-vitro inhibitory activity where as the lesser binding orientation of Quercetin and absence of binding orientation in Naringenin was the reason for lower potential inhibitory activity.
